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ATTENUATED MICROORGANISMS FOR THE TREATMENT OF INFECTION 



Field of tne invention 

This invention relates to attenuated microorganisms thai can De usee in 
vaccine compositions for tne prevention or treatment of Dacterial or viral infections. 
Background to the Invention 

It is well establisnec that live attenuated micro-organisms are highly effective 
vaccines; immune responses elicited by such vaccines are often of greater magnitude 
and of longer duration than those producec by non-replicating immunogens. One 
explanation for mis may De that live attenuated strains establish limited infections in 
tne nost and mimic tne early stages of natural infection in aoaition, unlike killea 
preparations, live vaccines are able to induce potent celh mediated responses wnicn 
may be connected with tneir ability tc replicate in antigen- presenting ceils, such. 2s 
macrophages. 

There has oeen a long nistory of the use of iive attenuated Salmonella 
vaccines as safe ana effective vaccines for the prevention of salmonellosis m animais 
and humans, indeed, tne live attenuated oral typnoid vaccina. Ty2ia (vivotif;, 
manufactured by the Swiss Serum Vaccine institute, has proved to be a very 
successful vaccine for tne prevention cf typhoic fever and has been licensee in many 
countries including the US and Europe. 

However, the attenuation of this strain was achieves using chemical 
mutagenesis teenniques and the oasis of attenuation of the strain is not fully 
understood. Because of this, me vaccine is not ideal in terms of tne number of doses 
(currently four; ana tne number of live organisms that have to De given at each aose. 

Modem molecular biology techniques, coupled with the increasing knowledge 
of Salmonella pathogenesis, nas led to tne identification of several genes tnax are 
essential for the in vivo growtn and survival of the organisms. This, has provided new 
gene targets for attenuation, leaaing to tne concept that future vaccine strains can be 
'rationally' attenuated by introducing defmec non-revertjng mutations into selected 
genes known tc be invoivea in virulence. This will facilitate the development of 
improved vaccines, particularly in terms of the immunogeniaty ana therefore tne 
number of doses that nave to be given 

Altnougn many attenuated strains of Salmonella are now known, few nave 
qualified as potential vaccine candidates for use in humans. This may be due in pan 
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to me need to balance ine immunogenicity of tne vaccine with the possibility of tne 
Salmonella microorganism becoming reactive 

It is dear that the selection of appropriate targets for attenuation wnicn will 
result in a suitable vacdne canciaate. is not straightforward ana cannot easily be 
5 predicted. Many factors may influence tne suitability of me attenuated strain as an 
appropnate vaccine, and tnere is much research Deing cameo out <o identify suitable 
sirams. Per example, many attenuated strains tested as vaccine candidates lead to 
vacdnemia or aDscesses in the patient 

It is therefore desirable to develop a vacdne naving a high degree of 
10 immunogenidty with reduced possibility of the microorganism strain reverting to an 
reactive form and wnicn exnioits a good safer/ profile wiin limited siae effect* 
Summary of the invention 

The present invention is Dased on the rlncing mat rwo spedfic attenuating 
mutations introduced into a Salmonella microorganism can produce a vaccine having 
is a hign degree of immunogenicity and a iow risk of me microorganism reverting to a 
reactive form. The resulting vaccine strains exr.ioit a gocc side-effect profile. 

Tne first mutation is contained within a region of me Salmonella pathogenicity 
island two (Spi2), the second is an auxotrophic mutation, i.e. a mutation to disrupt me 
expression of a gene mat encodes a protein requirea in a ciosymnetic pathway. 

2 0 According io a firs; aspect of tne invention, a Salmonella microorganism has 

an attenuating mutation which disrupts me exoressicn of a gene located within the 
Spi2 pathegenidty island, and an independent auxotrophic mutaiicn. Tne preferred 
anenuating mutation is within tne apparatus gene ssav, ana tne preferred auxotrophic 
mutation :s within aroC. 
25 The microorganism preferably further comprises one or more heterologous 

antigens ortherapeutic proteins, for example antigens for pathogenic £. coli. Shigella. 
hepatitis A, 3 or C, Herpes Simplex virus and human papilloma v.rus. Therefore, me 
microorganism may act as a delivery vehide to immunise against infections other than 
Salmonella. 

3 0 The Salmonella microorganisms may De usee to manufacture 3 vacdne 

composition wnicn may oe aaministereo :a a patient via the intravenous or oral route, 
m a method forme treatment of a Dactehal or viral infection, e.g. for tne treatment of 
typhoid. 
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The anenuated Salmonella microorganisms of the present invention form 
vaccines wnich surprisingly stimulate mucosal as well as systemic immunity. Further, 
tne microorganisms do not cause spleen aoscssses in an animal model, wnereas 
mutants witn single mutations do. This is a particular advantage of the double mutants 
as defined Herein. 
Description of the Invention 

The microorganisms ana vaccine compositions of tne present invention may 
oe prepared by Known techniques. 

Tne choice of particular Salmonella microorganism and the selection of the 
appropriate mutation, can be made oy tne skilled person without undue 
experimentation. A preferrea microorganism is Satmonetia iypniniuhum. 

A first mutation may be introducea into a gene located within the region of tne 
Salmonella pathogenicity island 2, tnis region being disclosed in WC-A-96 17951 

The Salmonella .pathogenicity isiand two (Spi2) is cne of two classical 
pathogenicity islands locatea on tne Salmonella chromosome. Spi2 comprises several 
genes mat encode a type III secretion system invcivec in transpo/ting Spi2 encoced 
vifulence-assoaatea proteins (so-callea effector proteins) outside of tfie Salmonella 
bacteria and potentially directly into target nos; calls such as macrophages. Pan of 
Spi2 (tne apparatus genes) encodes tr.e secretion apparatus cf tne type ill system. 
Spi2 is absolutely essential for tne pathogenesis ana virulence or Sa/mone//a in tne 
mouse, an observation now documented sy several aifferent groups around tne wonc. 
S. typnimurium Spi2 mutants are highly anenuated m mice challenged oy the oral, 
intravenous and intraperitoneal routes of administration. 

The 5pi2 gene may be either 3n apparatus gene or an effector gene. 
Preferaoiy, the gene is an apparatus gene. The apparatus genes located within 3pi2 
are now well cnaractensea; see for example riensel et a/, Molecular Microbiology 
(1997); 24(1): 155-167 Genes suitable for use in the present invention include ssaV. 
ssaj. ssaK, ssaL r ssaM. ssaG, ssaP, ssaQ t ssaR, ssaS, ssaT, ss*Uar\a ssah genes. 

The mutation in tne Spi2 region coes net necessarily nave to be withm a gene 
to- disrupt tne function. For example, a mutation in an upstream regulatory region may 
also disrupt gene expression, leading to attenuation. Mutations in an mtergenic region 
may 3iso De sufficient to disrupt gene function. 
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in a preferred embodiment of the invention, me apparatus gene is ssaV. in a 
separate preferred embodiment, the mutation lies witnm an intergenic region between 
ssaJ and ssaK 

The second mutation is termed an "auxotropnic mutation" as it disrupts a gene 
5 wnicn is essential in a biosynthetic patnway. The oicsyntnetic pathway is one present 
in Salmonella, but not present in mammals. Therefore . the mutants cannot depend 
on metaDoiites found m the treated patient to circumvent the effect of the mutation. 
Suitable genes for the auxotrophic mutation, include any aro gene, e.g. aroA. aroC, 
aroD and aroE. 

0 in a preferred embodiment of tne invention, the vaccine composition compnses 

a Salmonella microorganism having attenuating mutations in ssav ana aroC. 

The mutations may be introduced into the microorganism using any known 
technique. Preferably, tne mutation is a deletion mutation, wher<i abruption of tne 
gene is caused by the excision of nucleic acids. Alternatively, mutations may be 

5 introduced oy tne insertion of nucleic acids or by paint mutations. Methods for 
introducing :ne mutations into the specific regions will be apparent to tne skilled 
person. 

in addition to tne wo mutations, :ne Salmonella microorganism may also 
comprise neteroiogcus antigens. The attenuated microorganism can therefore ac: as 
: o a ceiivery venide for administering antigens against other bacterial or viral infections. 
Antigens wnich are suitaoie for use in mis way will ce apparent to the skilled person 
ana inciuce: 

Pathogenic E. coii antigens, i.e. ETEC 
hepatitis A. S and C antigens 
: 5 Lime disease antigens 

vibrio cholera antigens 
Halicooaaer antigens 
herpes Siimpiex virus antigens 
Human papilloma virus antigens 
j 0 This system also has tne potential :o deliver tnerapeutic proteins, e g. 

cytokines, for the treatment of patients, e.g. patients infected with, hepatitis. Methods 
for the delivery of heterologous anugens or therapeutic proteins using the vacane 
compositions will be apparent to the skilled person. 



Vaccines made using trie microorganisms of the invention have application to 
the treatment of infections in human patients and in tne treatment of veterinary 
infections 

The double mutation proviaes an effective means to attenuate tne 
microorganism to provide a safe vaccine candidate. 

Tne vaccine compositions provide effeoive protection even m 
immunocompromised patients, and importantly offer a low risJc in ceveioping spleen 
abscesses. Spleen aoscesses have been identified using vaccines oasec on a single 
mutation, and therefore the present compositions may offer a substantial benefit :o 
patients. 

To formulate the vaccine compositions, tne mutant microorganisms may oe 
present in a composition together with any suitable pnarmaceutically acceptable 
adjuvant, diluent or excipient. Suitable formulations will be appa»ent to the sailed 
person. Tne formulations may be developed for any suitable means of acministraticn 
Frsf errea administration is via tne oral cr intravenous routes ana the vaccines are ;ive 
attenuated Salmonella microorganisms. The numoer of microorganisms ihat are 
required to be present in the formulations can be determined and optimised by tne 
skilled person. However, m general, a patient may be administered approximately 1Q 7 - 
1C'° CPUs, preferably approximately :C d --0 3 CPUs .n 3. single dosage unit. 

The following Examples illustrate me invention. 
Example 1 

This Example describes the preparation of a mutant strain aesignateo ZHS 
which nas activity as a Human oral typnoid vaccine. Tne strain is derived from the 
viruient S. typhi strain Ty2, origmaiiy isolated from a case of typhoid The cenveo 
strain nas a defined mutation within purA and aroA. 
Ty2 for the construction of 2H9 

S. typnt Ty2 was originally isolated from an individual with typnoid fever in 1 31 6 
ana has been used for tne derivation of all licensed typnoid vaccinas. Tne strain was 
obtained from the PHLS national culture collection at Colindaie. it was cotained as 
a lyopnilised culture, the NCTC number being 8385. 
Cloning the S.typhi aroC gene from S. typhi Ty2 

S rypni Ty2 was recovered from stocx and grown overnignt in Luna Berrani 
(L3) broth The cells were harvested and wncie ceil DNA was prepared. DNA 
fragments of 5 typni Ty2 DNA were generated zy partial cleavage witn tne restriction 



GJE-44D1 



6 

enzyme Sau3A and trie resulting fragments were ligated to Bamhi cleaved phC79 
10 generate a cosmid library of S- typhi Ty2 DNA using E. coii HU525 as reapient. To 
isolate the DNA encoding aroC from the S. typhi DNA, me cosmid library was used to 
transduce E.coh AB2949 wnich haraours a mutation in the uroC gene ana is 
dependant on aromatic compounds for growtn The transduction mixture was plated 
onto minimal medium lacking aromatic compounds and tncuoatea at 37°C. A numoer 
cf isolated colonies were observed following cvemignt incubation. Tnese bacteria naa 
presumably arisen as a consequence of complementation of tne aroC mutation in 
A32849 by a cosmid clone narbounng the intact aroC gene from. Cosmid DNA from 
one of tnese strains was purified. A 5 2ko HindiW fragment from this cosmid was 
cloned into pUCia to give piasmid pTAC2 wrocn was ante to complement tne aeieiion 
of aroC in AB2849. demonstrating that it contains tne S.typni arcC gene 
Generation of a defined deletion of the cloned S. ryp/)/Ty2 a/oC 

A defined SOOop deletion was created within tne cionea arcCgene using ?CR. 
The oligonucleotide primers usee in me PCR were designed using the puDiisned DNA 
sequence of tne S.typni arcC gene (Acc. M27715). Tne DNA 5' to me arcC gene was 
amplified from pTAC2 using pnmers SEQ !D NC. 3 and SEQ ID NO. 1. SEQ ID NO 
3 anneals to vector DNA, SEQ ID NC. 1 anneals to the 5' region cf aroC The DNA 
3' to tne arvC gene was amplified using primers SEQ ID NC. 4 3nd SEQ ID NC 2 
SEQ iD NO. 4 anneals to vector DNA, SEC ID NO 2 anneals to the 3' region of aroC. 
The resulting PCR products had Xba\ sites incorporated into tne 5* ends to facilitate 
cloning. The fragments were cionec into the vector pUCl3 The final piasmid 
construct designated CMIAC23 contains a defined deletion of 3/uC (position 544 to 
1 143) on a 4.8 KD HinOWi fragment. The hind\\\ fragment is inserted at the MinCM site 
of pUC'9. A single Xba\ site is present at tne site of the aroC deletion, 
introduction of the aroC mutation into the S. Typhi Ty2 genome 

The suicide ptasmid pCVD442 (Donnenberg & Kaper. infection and immunity, 
1991; 59: 431C-4317) was used as a vector to mtrcauce the aroC deletion into the 
genome of S. rypn/Ty2. The 4.8kd HindiW fragment containing me aroC deletion was 
isolated from pM!AC23 and tne encs made blunt Dy using Uie Stratagene DNA 
polishing kit. Flasmia pCvD442 was linearized Py digestion witn Smai. treated with 
alkaline pnosphatase and iigated to tne blunt-ended fragments. Tl »e required construct 
was isolated and denoted pYCVC2l 
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pYCVC2l was mtroauced into S typniTyl by using a standard eiectroporation 
protocol. Tne plasmia was able to integrate into tne Ty2 genome following 
recombination between the homologous regions on the plasmid and tne genome tc 
give ampicillin resistant transformanis. These transformants contained a copy of bom 
the original wild type aroC and the deleted aroC gene Growing these strains in tne 
absence of ampicillin allowed for a second recombination event to occur which 
resulted in loss of the pCvD442 DNA sequences ana one copy of tne aroC gene, 
either tne wild-type copy or the aeieted copy. S. typni Ty2 bacteria wnicn hac 
undergone this second recombination event were identified as ampicillin sensitive 
aerivatives whicn were able to grow in the presence of 5Vo sucrose (pCVD442 carries 
the sacB gene wnicn wnen expressed results in a sucrose sensitive pnenatype). 
Strains mat had retained only tne deietec aroC gene were initially identified as strains 
mat were unable to grow on minimal meaia plates in tne aosence of a supplement of 
aromatic compounds The aroC genotype was confirmee by using PCR analysis 
Primers having SEQ ID NC 5 and SEQ ID NO. 5 gave a product of 994bp for me wild 
type aroC and 400bp for me aeieted aroC gene. Sequence analysis of me resulting 
PCR products confirmed me presence of me required deletion in moividuai isolates 
designated DTY6, DTY7, DTY8. DTY9 and DTY10. These strains were storec in 
Microbank viais at -70 3 C for long term storage. Strain DTY8 wa.s cnosen for further 
manipulation. 

Introduction of an ssaV mutation into the S. Typhi aroC mutant DTY8 

A 7.5 kc Psti fragment containing the ssaV region of S. typni was amplified 
from a total DNA preparation oy using PCR anc cioned into the vector pCR2 " 
(Invitrogen). The PCR oligonucleotide primers employed, naving SEQ ID NO. 7 and 
SEQ ID NO. 6, were designed to the S. ryphimurium SPI2 sequence. The resulting 
plasmid construct was designated pTYSV2l . 

A plasmid construct possessing a aeletion of tne ssaV gene was derived from 
P7YSV21 by using reverse orientation PCR. Primers annealing tc- me 5 {SEQ (D NC. 
9) and 2' (SEQ ID NC. 10) regions of the ssaVopen reading frame were designed to 
me S. typnimuhurv Spi2 sequence. An Avrt\ restriction site was incorporated into the 
5' region of each primer, ar\Xba\ site was incorporated into SEQ iD NO. 10. TneXbai 
site serves as a tag for the ssaV mutation so it can be Detected easily by restriction 
analysis. The resulting PCR product was subjected to digestion wjtn AvrU and me 
backbone plasmid molecules purified following agarose gel electrophoresis Re- 
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arcutarisation of tne resulting fragments at the Avr\\ sticky-enos gave tne requirec 
aeietion construe: pYDSVL pYDSVI contains a 5 5kb Pstl fragment with a definea 
i894Dp deletion within tne ssaV open reading frame. 

Tne suicide piasmia pCVD442 was used as a vector to introduce tne ssaV 
5 deletion into tne genome of the S. typhi Ty2 aroC mutant DTY8. The 5.5kD Pst\ 
fragment containing the ssaV deletion was isolated from pYDSVl and tne ends made 
Dlunt by treatment witn KJenow DNA polymerase, plasmid pCVC442 was linearized 
dy digestion with Sma\, treated witn alkaline phospnatase and iigated to Tie Dlunt- 
ended fragments. Tne required construe: was isolated and denoted pYDSV2i4. 

io pYDSV2l4 was introduced into S. typhi DTY8 Dy using eieoroporation 

Ampidllin-resistant transformants were seieaed ana men grown in rne aosence of 
amphtillin to allow for loss cf tne pCvD442 DNA sequences and one copy of tnessav 
gene, either the wila-type copy or tne aeietea copy. Strains that naa undergone this 
second reccmoinaiion event were identified as arnpicillin-sensiuve, sucrose-resistant 

1 5 colonies. Strains tnat nad retained only tne deleted ssa V gene were identified Dy using 
PGR analysis. Primers having SEC ID NC. n and SEQ ID NC i'2 gave a prcaua cf 
2435bp for tne wild type ssaV and 591 bp for the ceieied ssaV gene. Sequence 
analysis cf tne resulting PGR products confirmed ine presence of tne required deletion 
m 5 individual Isolates, Zi-f2 ( ZH4, Zho. ZH7 and 2h9. STram IMS was cnosen for 

2 0 manufacture cf a CGMP master cell DanK. 
Example 2 

This E^ampie describes the preparation cf a 3. typnimuriurn mutant strain 
designated WTC5 wnicn has vaccine activity against human gastroenteritis. The strain 
is derived from the :<nown human virulent S. typnimuriurn strain TML. 

2 5 TML for the construction of WT05 

TML was originally isolated from a patient suffering from gastroenteritis and 
was identified in the laboratories of Dr jonn Stevens at Birmingham University, it was 
lycphihsed at Weticome Researcn Laboratories ana assigned a culture number. 3RD 
£19. The cuiture was ootamed from Birmingham university. 

3 a Generation of a defined deletion of the cloned S. ryphimurium ssaV gene 

A plasmid {piasmia 7-2. Shea ef a/; PNAS, 1996; &3: 25S3-2597) was 
generated by cioning a 7.5kd Psrt fragment isolated from S. typhimunum LT2 into tne 
Psfl site of pUCia. ssaV is positioned centrally on this fragment A plasmid construct 
containing a defmeC deletion cf the ssa VORF was derived from plasmid 7-2 by using 
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reverse orientation PCR. Primers annealing to me 5' (S£Q ID NO. 13) and 3' (SEQ 
ID NO. 14) regions of tne ssaV open reading frame were designed to tne 
S.typnimuhum Spi2 sequence. An <4wii restriction site was incorporated into the 5' 
region of each primer and an X&ai site was incorporated into SEQ ID NO. 14. Tne 
5 Xflal site serves as a tag for tne ssaV mutation so it can be detected easiiy by 
restriction analysis. The resulting PCR product was subjected to digestion with Avi\\ 
and tne Backbone plasmid molecules purified following agarose cjel electrophoresis. 
Re-circuiarisation of tne resulting fragments at the A wii sticky-ends gave tne required 
deletion construe designated pMDSVi . pMDSVI contains a 5.5w> Psrt fragment with 

10 a defined l894op deletion within the ssaVopen reading frame. an AvrU and a Xba\ 
restnetion site are at the site of the deletion. 

Tne suicide piasmid pC VD442 was used as a vector to introduce tne ssaV 
deletion into tne genome cf S. typnimurium TML The 5.5ko Psti rragment containing 
Tie ssa v 7 deletion was isolated from pMDSVi and :ne enas maat: blunt by treatment 

15 with Kle.now DNA polymerase. Plasmic pCVD442 was lineanzea by digestion witn 
$ma\. treated witn alkaline pnospnatase and iigated to tne blunt-ended fragments. 
Tne reouired construct was isolated and cenotec pMCSV22. 

pMCSV22 was introduced into S ypfiimurium TML using conjugation To mis 
end tne construct was transformed into ;ne £. csii strain 317-1 a i;ir. The conjugation 

20 was performed according to standard procedures. Plasmid pMCSV22 was aole to 
integrate into tne TML genome following recomoinaticn cetween the homologous 
regions an the plasmid and :ne genome to give ampicillin resistant transcenjugants. 
A transcenjugate designated masv-WT2 was encsen for further manipulations This 
Tansconjugant contains a copy of both tne original wild-type stav ano the deleted 

2 5 ssaV gene, it was grown Sn the aosence of ampicillin :o ciilow for a second 
recombination event to occur wnich would result in the loss of the pCVD442 DNA 
sequences and one copy of the ssa V gene, either the wiid-type copy or the deleted 
copy, isolates wnicn haa undergone this second reccmomation <ivent were iaentifieo 
as ampicllin-sensitive derivatives wnicn were acie to grow in ihe presence of 5% 

2 c sucrose (pCvD442 carhes tne sacS gene wnicn wnen expressed results in a sucrose- 
sensitive pnenotype). Strains :nat had retained cniy tne deleted ssaV gene were 
identified Dy using PCR analysis. Primers having SEQ ID NC. 16 and SEQ ID NO 16 
gave a product of '2465bp for the wild type ssa vand 591 Dp form* oeieteo ssa V'gene 
Sequence analysis of tne resulting PCR produce confirmed :ne presence of the 
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required deletion in 4 individual isolates. 2H20, 2H23. ZH25 and ZH26. Tnese strains 
were stored in LB plus 15% glycerol at-30 u C far long-term storage Strain ZH2S was 
cnosen for furtner manipulation. 

Cloning the S.ryphimurium aroC gene from S. xyphimurium TWL 

Genomic DNA was isolated from S. typhimurium TML and cleaved witn Hina\\\ 
hindiW fragments in the size range 5 to 6KD were purified and ligatea to HfncAli-cieaved 
pBluescript. The ligation mixture was used to transform an £. coli aroC mutant, 
AB2849, and clones containing the S. typhimuaum aroC gene were selectee oy virtue 
of tneir ability to complement tnis strain. Analysis of one clone. pDACl, demenstratea 
that it contained a 5.2Kb Hincnw fragment 

A defined SOObp deletion was created within tne aoneo a^cC gene oy using 
PGR. Tne oligonucleotide primers were designed using the puDhsnad DNA sequence 
of tne S. typhi a/cC gene (Acc M27715) The DNA 5' to tne aroC gene was amplified 
from pDACl using primers having SEQ ID NO. IS and SEQ ID NO. 17. SEC ID NO 
19 anneals to vector DNA. SEQ ID NC. 17 3nneais to tne 5' region of arcC. Tne DNA 
3' to tne aroC gene was amplified using primers having SEQ ID NO. 20 ana SEC ID 
NO. 18. SEQ ID NO. 20 anneals to vector DNA, SEQ ID NO. If J anneals to me 3' 
region of aroC. The resulting PGR products had Xha\ sites incorporated into tne 5' 
sncs 10 facilitate cloning. The fragments were cloned into tne vector puCi8. The final 
piasmid construe: pMlACS contains a defined deletion of aroC (Acc. M27715 position 
544 to 1143) on a 4.3 kc Hind\\\ fragment. r ne Refill fragment is inserted at tne 
HinaUl site of pUCl8. A single Xba\ site is present at tne site of ;ne deletion. 
Introduction of the aroC mutation into the S. xyphimurium ssaV mutant ZH26 

The suicide piasmid pCVD442 was used as ;he vector to introduce the aroC 
deletion into the genome of S. v/pftimuriuim TML. The 4 3kd Hindu] fragment 
containing tne aroC deletion was isolated from pMIAC3 and the *:nds made oiunt Dy 
using the Stratagene DNA polishing Kit (Pan No. 200409). Plas-mid pCVD442 was 
linearized Dy digestion with $ma\. treated witn alkaline phosphatase and ligated to me 
Dium-ended fragments. Tne required construe: was isolated and denoted pMCVCie 
PMCVC16 was introduced into S. typhimurium 2M26 dy using eiectroporation. 
Ampitillin-resistant transformants were selected and allowed to yrow in the absence 
of ampicillin to allow for loss of tne pCVD442 DNA sequences and one copy of the 
aroC gene, either tne wiia-type copy or the deleted copy. Strains mat had undergone 
tnis second recomoination event were identified as ampicillin-sen^itjve derivatives that 
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were aDle to grow in trie presence of 5% sucrose. Strains mat hao retamea oniy tne 
deleted aroC gene were initially identified as strains mat were unaole to grow on 
minimal media plates in me absence of a supplement of aromatic compounds Tne 
aroC genotype was confirmed by using PCR analysis. Primers having SEG ID NO.. 21 
and SEQ ID NO. 22 give a product of 994bp for me wild type aroC and 400dp for me 
deleted aroC gene. Sequence analysis of me resulting PCR products confirmed me 
presence of me required deletion in 4 individual isolates designated WT05, WT09, 
WT10 and WT12. Strain WTC5 was cnosen for manufacture of a CGMP master cell . 
Dank. 

Example 3 

The following construct was prepared to test the douDle mutant vaccines m an 
animal model. S. typnimurium SL1344. a strain mat infects mioe, was usee, with 
single and douDie mutations present. 

An ssaV:apn (non-polar) mutation from S typnimuhun. 12023s was P22 
transduced to SL1344 to give tne single Spt2 mutant. 

The aroC deietion/pCvD422 suicide vector pMCVCl6 was eiectroporateo into 
tne S lyphimunum strain L3501 0 and meroaipioids were ootainec. The aroC deletion 
merodiploid was men P22 transduced from me LS5010 merodipioid to SH344 Tne 
SL1 3^4 merodiploid was men resolved using sucrose selection to give me single aroC 
mutant. 

The double mutant was generated by P22 transduction of me aroC deletion 
merodiplofd from LB5010 into the SL1344 ssaV' apfi Piasmid sequences were 
resolved from me merodiploid ieaving strain 3. tne aroC deletion mutation in me 
3L1344 ssaV::aph background. 

Pre-clinical pharmacodynamic studies on defined aroC/ssa V Salmonella mutants 

Salmonella mutants (strain SL1344) haroouhng defined mutations m either 
aroC. ssaV or a combination of bom mutations have been evaluated extensively in 
BAL3/C mice 10 assess attenuation, persistence of tne organisms and aoiiiry to 
immunise against challenge with tne wild type strain. 
Example 4 

Animals immunised by the intravenous route 
Protection studies 

Groups of ten 3ALB/C mice were immunised i.v. with I0 f and 10* organisms 
of Sl 1344 aroC, SL1344 ssaV. and SL1344 aroC: ssav grown oveirugni m uS oroth 
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and resuspended in saline for administration. Mice were cnaiienged 6 weeks later witn 
10 5 wild type organisms grven intravenously. Ten organisms of this wild type strain 
given intravenously are sufficient to Kill mice. 

All tne mice given the single aroC or ssav mutants were solidly protected after 
5 challenge witn either dose and remained well throughout the experiment, exhibiting 
no sign of disease. For the double mutant 90% of tne animals were solidly protected 
that received the immunisation with 1C 8 organisms. One of the animals died 8 days 
after the challenge. For the animals that were immunised with the lower dose, only 
1 of the mice survived the challenge. 

20 This experiment demonstrates that immunisation with Salmonella ssav 

mutants, either alone, or in combination with an aruC mutation will immunise mice 
against challenge with the wild type Salmonella strain. 
Persistence of Strains 

Groups of mice were given 10 6 organisms cf the three Salmonella mutants 

15 described above. Four mice were sacrificed at different time points up to day 14 and 
enumeration of organisms in livers and spleens were performed. Counts of ail three 
mutants were comparable up until day 10 when tne counts were approximately 5 X 10 3 
organisms in each organ. At day 14 a difference was aemonstrated between the 
single mutants ana the double mutants, tnere being a log less in the numbers of 

20 douoie mutant organisms in both liver and spleens. 

Tne other important difference oetween the single mutant and the aroC/ssaV 
double mutant is that tnere were nc liver abscesses present at any time during the 
experiment for the double mutants. However, tne mice infected with tne single 
mutants did nave liver abscesses present at day 10 and 14. This is an important 

25 finding and strongly supports the use of tnis combination of mutations for evaluation 
the preparation of vaccines. 
Immunogenicity 

Mice immunised as aoove were bled and the antibody titres were determined 
against whole cell Salmonella using an ELISA. All tnree strains were demonstrated 
3 0 to be hignly immunogenic, eliciting hign titres of circulating IgG against Salmonella. 
Example 5 

Animals immunised by the oral route 
Persistence of strains 
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Groups of mice immunised orally with 5 x 10* organisms of eacn of tne tnree 
Salmonella mutants were sacrificed at periodic intervals ana ine numbers of 
organisms enumerated in livers and spleens. For tne single aro mutant and tne single 
ssaV mutant counts in livers and spleens were 1 0 5 and 10 2 respectively up until aoout 
5 day 21 . Thereafter tne numoers reduced. For tne mice tnat received tne aruC. ssaV 
douole mutants, organisms were virtually unoetectaoie in the livers ana spleens after 
oral immunisation. 

Oral immunisation and intravenous challenge of A-J mice vaccinated with 
Salmonella typhimurium TML aroClssa V{WTQ5). 

10 The purpose of this experiment was to ascertain the protective efficacy of 5 x 

10 s aroC/ssav S typnimuhum TML mutants in an oral ity' murine vaccination ano 
intravenous challenge model. This mocei more closely resembles tne numan response 
to Salmonella in tnat tnese animals are less susceptiDie man an ny s dacKgrounc. 

5 x 10 s S. typnimuhum TML aroC/ssaV in a voiume or 0.2 ml PBS was 

15 inoculated orally by savage tube into 10 6-8 weeK old A-J mice ano left 8 weeks. Two 
mice were given PSS only at this time anG served as control animals. After a weeks 
nad elapsed the twc immunised groups were cnallenged intravenously with 10' wile 
rype S. typhimurium TML Mice were ooserved for 30 days post cnallenge 

All animals were solidly protected against wild type cnallenge (100% survival. 

2 0 10/10 animals alive). Mice given PBS alcne and then cnallengt-a witn wild type S 
typhimurium TML diec on day 5 post cnallenge 

in an ity' bac*grcunc tne aouDie S. typhimunum TML 3ioC/ssaV seems to 
protect mice given an oral dose of 5 x 10*. Tnis may oe imponant for tne numan 
situation as ity' mice are a better model of human saimom Hosts, in terms of 

2 5 susceptibility to infection. 

Studies were also earned out to evaluate the persistence oi tne douDie mutants 
in the livers and spleens of the mice, it was found tnat the double mutants persist at 
low levels to around say 21. By day 23, the mutant strain has been cleared 
Example 6 

3 0 Human clinical trial 

18 healtny volunteers were recruited to an open label, non-piaceoo controlled 
study. Following appropnate screening, eacn of 3 volunteers received a single oral 
dose of either 10\ 1C 8 or 10 9 CFUs of S.iyphi ZM9 or S. typhimunum WT05 The 
microorganisms prepared as aoove were resuspendea to the appropriate aosmg 
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concentrations in a final volume of 100ml of 2% (w/v) sodium b.cart.onate solut.cn to 
neutralize gastnc a Ci o. Th.s liquid suspension was aum.n-ste.ea orally to the 
volunteers. The volunteers were then isolated for 72 hours, ana men fo.icwed up post 
immunisation for safety and immunogenic^. 

volunteers were assessed for reaaogenicity ana otne, adverse events 
associated with vaccination by observation, physical examination anc by the 
completion of diary cards, in addition, oiooc, stool and urine cultures were conected to 
assay for vacdnaemia, shedding and persistence of the vaccine strains. Additional safety 
data was obtained by measuring iev el s of Creactive prcte,n (CRP) and liver funcuon 
enzymes (ALT) in blood, total white b.ocd cel. (WBC) counts and erythrocyte 
sedimentation rates (ESR) using standard procedures. These parameters were measure*, 
on blood taken daily until day 7 and then at weekly intervals until aav 28. 
Analysis of mucosal and systemic immune responses 

Elcod and saliva samp.es 'were collected prior to immunization and then on aays. 
7 i4 21 and 29 after immunization, Saliva and serum were frozen at -70*C until analysis 
by ELISA. Periphera. blood mononucear celts were collected and assayed for :ne 
presence of antibody-secreting cells (ASCs) using tne EUSFOT tecnnique 

Both S. typtu ZiiS and S. typhimulium WT05 were well xierated in ail of the 
volunteers. No serious aoverse events -were noted in any of the volunteers at eacn of tne 
3 dose levels and blood and urine cultures remained negative in all vaccinees at all time- 
points examined. Thus, immunisation with both S. wtfZHO and S tvpNmurium WTOS 
ao not result in vacoinaemias. None of tr.e volunteers given either of tne strains developed 
diarmoea or persistent nigf>«rade fever, fuh^er indicating me safety uf the vaccine strans 
Pers lS tent excretion nor vaccnaemia beyond day 7 was not observed m either of tne 2 
dose groups of S. ryprt ZH9 or >n the iow dose (10 7 ) of S typhimu,ium WT05. 
Mucosal and systemic immune responses elicited by S. rypri/2H9 

Crai immunization wnn a single low dose (1 xltf CPUs) of S. ryph. 2H9 resulted 
in the priming of S. <ypn, -specific !gA-secreting ASCs in 2 of 3 volunteers detected 7 days 
after immunization. Subsequent testing on days 14 and 21 showea that igA ASCs were 
smi detecabte but at much iower levels and nad csappeared oy day 28 in almost all 
resoonder vaccinees. numbers of ASCs were Highest cn aay 7. Surprising*, .ngestion of 
a higher dose ptf CPUs, of S. typhis resumed in a .ow igA ASC response ,n only one 
of three vacanees. ingestion of the highest dose (1x1 0* CPUs) pnmed IgA ASCs m 2 of 
3 voiunieers 
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Salmonella-specific serum antibody response 

Oral immunization with a single low cose (1 *1G 7 CPUs) cf S. ypn, ZHS failed to 
elict S. typhi L=S-speof.c serum IgG (despite generating igA-ASCs m 2/3 vacDnees) wnen 
examined on flays 7.14.21 and 28. Simiiany only 1/3 produced very low levels of flagelia- 
specific IgG. However, ingestion of 10 4 CFUs resulted m tne production of mgn levels of 
Dotn LPS and flagella-speafic igG in all 3 volunteers increased levels of S ryph, LPS 
specific and flagella-spedFic were detected as eany as 7 oays after vaccination, rising on 
cay 1 4 and remaining hign on day 28. The highest cose of 10 s CPUs a.so stimulated LPS- 
and flagella-speafic IgG ,n 2 of 3 vaccnees. detectable on days 7 and 14 respectively. 
Conclusions 

This study demonstrated tne utility of tne ssav mutation, as a. component of any 
new oral typnoio vaccine strain. An S.rypft/ stram haroounng aro mutations alone would 
nave caused vaccinaem.as at the coses given Tne ssav mutation therefore prcvioes an 
additional level cf safety to ine aro mutation alone by abolishing the vaccinaem.as usmg 

jnis eany formulation. 

as well as proving to De weiKcieraieo. ZHS was also cemonstrateo to oe 
,mmuncgenic at all three cose levels given. With regaro to stimulating serum antibooy. tne 
: ntermec,ate (10* CFUs) and nignest (10* CPUs) doses proved to be ingniy immuncgemc. 
with 3/3 vaccines g.ven 10* CFus and 2/3 given '0 s CFUs eliciting n.gn aires of Dotn 3. 
rypn/ LPS and flagella specific-serum IgG These responses are ve.y encouraging since 
ii is generally difficult to elict serum antibooy by oral vaccination. 

As well as generating S. ryp/)/-spedfic serum antoody responses . ZHS also primed 
igA ASCs. indicative of immune stimulation at the intestinal mucosa. A total of 5/9 
volunteers elicited an S.typni LPS-spedfic igA-secreting cell (ASC) response which did not 

appear to be dose-dependent 

WT05 was also well tolerated and no vacsnaemias were detected, interestmgly. 
no diarmceas or symptoms of gastroenteritis were detected in any of volunteers. The 
Prevous data obtained using the mutant TML strain wnn single aro or SPI 2 mutaocns m 
Stypnmurium&en to mice suggested mat a couoteamC/ssav mutant might cause some 
.oca) intestinal effects e.g. diamoea. cramps in humans. Tne aosenee of these events 
funner supports the utility of tne camoination of aro and SPI2 muu.ocns. 
Example 7 

Heterologous antigen carriers 
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To demonstrate the utility of tne ssaV:aroC double mutant strains to express and 
deliver foreign antigens, WT05 was transformed with a piasmid (pBR0O26) expressing 
tne gene for tne £. coti heat-iabile enterotoxin B subunit (L7-3). 

BalB/C mice (n=1Q/group) were immunised orally on days 0 and 28 wrtn i^CFUs 
(200ml \n PBS) WT05 expressing pBRDG26, or wim tne WT05 vector strain (control). For 
comparison (and as a positive control) a group of mice (n=5) were immunised orally on 
days 0 and 28 wim 10 ^g purified LT (Sigma). Negative contra mice (r.=5) were immunise 
orally on days 0 and 28 with 200 hI PBS. Mice were bled from tne tail vein on days 21 , 28, 
35 and by cardiac puncture on day 42 and sera and intestinal lavage (day 42 only) 
collected ana stored at -20 °C. 

All but one of tne mice immunised witn WT05/LT-B eiiateo LT-specfic igG (titres 
of 3,000-50,000) on aay 28 after a single oral dose. None of tne control mice immunisec 
orally with WT05 or PBS elicited LT-sperific igG. Oral immunisation wim a single acse of 
purified LT elicited nigher tnres of LT-specific antioooy (titres of 6.C0O >50,000) Wnen tne 
isotype of tne LT-B-spedfic serum IgG was examined, i: was found mat the WT05 strain 
expressing pBRDG26 eiidtea almost exclusively LT-specific lgG2a ( indicating a bras 
towards a THVtype immune response, in contrast, mice immunised with purified lT 
(Sigma) elicited almost exausiveiy LT-sperific IgGl. indicating a TH2-rype response. 
Therefore, expressing tne LT-5 witnin tne aroQssaV strain facilitates profound immune 
modulation, The Thn-oiased responses generated by the Satmoneiia aroOssaV strain 
will be important wnen antigens from pathogenic organisms for whicr. TH l-rype responses 
are protective, are excressec. 



